Abstract: It has been suggested that agricultural land use change and modernization in agricultural production techniques are related to the loss of crop diversity. Two processes contribute to this loss; first is the replacement of landraces by modern varieties, and second is the abandonment of traditional crops in favor of cash crops. We studied the expression of these processes in a region that is both an agro-biodiversity and cultural center and one of the most significant fruit exporters of Mexico. We analyzed agricultural change based on the transformation of cropping areas and the primary crops' locations in Michoacán state. We examined the crop-harvested area statistics from 1950 to 2015, and identified 23 crops as the most important in terms of harvested area and monetary value. After NAFTA (North American Free Trade Agreement), harvested area for nine crops changed significantly: seven crops increased, and two decreased. Positive trends were observed for commercial fruits oriented to export markets, and negative trends were observed for traditional crops. These crops, such as beans and maize, are important for food security. Additionally, we analyzed how these land-use and agricultural changes overlap in zones of maize planted-area change. Using a maize-race collection database, we identified three native maize races that could be at risk due to the abandonment of maize in favor of commercial crops.
Introduction
Mexico plays an important role in international food markets. The country is a leader in certain agricultural products such as avocados, berries, and vegetables [1] . Rural areas and the agricultural sector have suffered significant changes in Mexico's recent history. Before the 1980s, agricultural policy was oriented to the production of food for the local market; the main objective was to produce enough food at a low price to support the growth of the cities and domestic industrialization [2] . However, during the 1980s, the global development policies changed to reflect what is known as neoliberalism. Neoliberalism is characterized by strong market integration and trade liberalization between countries and a change in the role of the government as an economic agent [3] . International free-trade agreements such as NAFTA (North American Free Trade Agreement) are instances of such neoliberal policies [4] . NAFTA created a free-trade zone among Canada, the USA, and Mexico. In Mexico, NAFTA has had both negative and positive consequences for the agricultural sector. Since NAFTA's implementation in 1994, fruit and vegetable exports from Mexico have grown, however, at the same time, grain imports have also grown, especially of maize, which is the Mexican food staple [5] .
Changes in the agricultural policies in Mexico after NAFTA included the development of agricultural areas, where products for the international market are grown, but some changes have (20%), Phaeozem (11%), Regosol (12%), and Vertisol (16%) [20] . Michoacán has nine natural regions (see Figure 1 ) based on relief, climatic, and vegetation criteria [21] . Due to this environmental variation, agricultural environments are also diverse. Michoacán has important and contrasting agricultural regions. Three of the most important regions are the following: (1) El Bajío, located in the north of the state, is the region with the most agricultural development because of its temperate climate. Grains, vegetables, and fruits are the main products; (2) In the middle of the state, near Uruapan city, avocado plantations have modified the landscape, converting the forest zone into an international area for avocado production; (3) In the central west, the Apatzingán Valley, with an extremely hot and dry climate, has experienced agriculture development programs for more than half a century, including irrigation programs, and is now a leader in lime production [19] . Agriculture and livestock are the main economic activities of the state, and represent 8% of the Gross National Product [20] . Michoacán leads in products for the international market such as avocado, blackberry, strawberry, and lime [1] . International migration is also very important in the state. Michoacán is among the states with the highest emigration rates, along with Jalisco and Zacatecas. This state has a long history of migration, starting in the middle of the last century with the bilateral Bracero Program between Mexico and the USA, which allowed millions of Mexicans to work temporarily in the US farms. This migration phenomenon has changed the demographic structure of rural communities in Michoacán [23] . From 1990 to 1995, a total of 214,000 persons migrated from Michoacán to the USA, placing this state among those with the highest migration rates in the country [24] . The total population of the state is 4.35 million, and the state ranks tenth in terms of population. The following four cities represent 25% of the population: Morelia (13%) located in the center north of the state, Uruapan (6%) in the center, Zamora (3%) in the west, and Apatzingán in the center southwestern (2%; Figure 1 ). Dispersion of the population is high, with 32% of the population living in rural villages with fewer than 2500 habitants [20] . Agriculture and livestock are the main economic activities of the state, and represent 8% of the Gross National Product [20] . Michoacán leads in products for the international market such as avocado, blackberry, strawberry, and lime [1] . International migration is also very important in the state. Michoacán is among the states with the highest emigration rates, along with Jalisco and Zacatecas. This state has a long history of migration, starting in the middle of the last century with the bilateral Bracero Program between Mexico and the USA, which allowed millions of Mexicans to work temporarily in the US farms. This migration phenomenon has changed the demographic structure of rural communities in Michoacán [23] . From 1990 to 1995, a total of 214,000 persons migrated from Michoacán to the USA, placing this state among those with the highest migration rates in the country [24] . The total population of the state is 4.35 million, and the state ranks tenth in terms of population. The following four cities represent 25% of the population: Morelia (13%) located in the center north of the state, Uruapan (6%) in the center, Zamora (3%) in the west, and Apatzingán in the center southwestern (2%; Figure 1 ). Dispersion of the population is high, with 32% of the population living in rural villages with fewer than 2500 habitants [20].
Data Gathering and Analysis
The sources of data were the agricultural censuses performed by INEGI (National Institute of Statistics and Geography) and SIAP (Agriculture, Food and Fishery Information System), which depends on the Agriculture and Food Ministry. INEGI's agricultural censuses began in 1930, but because of questions of data reliability, we analyzed the data starting in 1950. The frequency of the census was every ten years until 1991, where the subsequent census was performed in 2007. Additionally, census data from 1980 were estimated from a sample because of the data lost in the 1985 earthquake. The SIAP data started in 1980. From 1980 to 2003, the data are at state scale for the main crops, while since 2003, SIAP has data by municipality. Table 1 shows the source of data for each year and the scale in each case. For some crops, such as blackberry, fodder oats, grass, green chili pepper, onion, papaya, potato, tomato, vetch, and others, we did not get data for the whole period of the analysis. In the maps in the Supplementary Materials, we show the legend: "no data" for the specific year with missing data by crop. For a few crops, we obtained data starting in 1950 without missing values; these crops were avocado, beans, limes, maize, sugar cane, and wheat. The census data from 1950 includes beans in monocrop and intercropped with maize. We analyzed both areas to get the total for beans. Some crops are cultivated in two seasons: fall-winter and spring-summer. We summed both seasons to get the annual total for both municipality and state statistics. Maize diversity data were taken from the Global Maize Project database [16] . This database is a compilation of maize records, including gene banks, collections from researchers, and recent surveys by several Mexican institutions coordinated by CONABIO (National Commission for the Understanding and Use of Biodiversity, Comisión Nacional para el Conocimiento y Uso de la Biodiversidad, in Spanish). The database contains 22,931 records of maize observations, but for 4119 records, the race was not determined, and an additional 455 records did not have geographic coordinates for the locations. In total, there were 64 race names. We extracted the records for the state of Michoacán. In Michoacán, there were 28 races, however, we excluded the race called Mushito de Michoacán because it is not reported by Sánchez et al. [17] . The database for Michoacán contains 856 records collected from 1943 to 2010.
We defined the most important crops in the state based on the total harvested area and the total market value in 2010 [28] . First, we sorted all the crops according to these two variables; then, we selected the crops that accounted for 80% or more in each variable. Afterwards, we combined both lists and obtained a list of 23 crops (Table 2 ). These crops represent 93% of the total harvested area in the state and 92% of the total market value of all crops in 2010. Some of them are important in terms of both planted area and market value. Maize is the most important crop by harvested area, followed by grain sorghum and avocado. By market value, avocado is the most important, followed by maize and blackberry. Then, we analyzed changes in the total harvest area by crop at the state level. We carried out trend analysis using the Kendall correlation by crop type. Next, we looked for areas with changes within the state by evaluating harvested area at the municipal scale to find crop changes in specific municipalities or groups of them. To do so, we plotted maps for each crop by year. To produce maps that were easy to evaluate visually, we plotted the harvests in ranks; for each year, we divided the harvested area into ten ranks, each with a different color intensity in the map. This display method allowed us to easily compare the yearly changes in harvested area for each crop (see Supplementary Materials). The statistical analysis and plots were developed in R [30] . In the case of maize, we did a more detailed analysis because we were interested in statistically evaluating trends in the changes to harvested area at the municipal scale. This analysis was done in two main steps. First, we analyzed the trends for planted maize area by municipality, and second, we built a geographic information system database by municipality with maps for each crop and the maize collection database. We looked for spatial changes in the planted maize area and maize diversity to allow us to detect relationships between these two variables and consider the implications for maize diversity in different regions of Michoacán.
Results

Dominant Crops in the State
The agricultural landscape of the state is dominated by a notably small number of crop types. However, official agricultural statistics show that there were 120 types of crops planted in 2015. These statistics indicate consistent increase in the numbers of different crop types planted [28] . In 1980, there were 93 crops. This number grew to 94 in 1990 and to 104 in 2000. In 2015, there were 16 new crops that were not reported in 2000 (including artichoke, asparagus, blueberry, chard, chia, jackfruit, noni, spinach, and rambutan). These new crops are mainly grown for the international market. In 2015, four crops covered 70% of the total planted area of the state of Michoacán: maize (40%), avocado (12%), sorghum (9%), and grass (8%). Five crops represented 72% of the total value of the harvest: avocado (39%), maize (12%), blackberry (8%), strawberry (7%), and lime (5%) [1, 28] . Maize, sorghum, and lime supplied the local and domestic markets. Avocado, blackberries, and strawberries were mainly for the international markets, while grass was used for livestock grazing.
Maize is cultivated almost everywhere in the state. It is possible to find maize fields in a wide elevation range and in very different environments. However, cultivated maize area is concentrated in the north of the state, in a belt from west to east that covers the three main regions of Chapala, Sierras y Bajíos Michoacanos, and Mil Cumbres (Figure 1 ). These areas are characterized by fertile and deep soil and warm to temperate climate. In 2015, in this northern area, 13 municipalities, out of a total of 113, comprised 32% of the harvested maize area, and 18 municipalities harvested 45% of the total volume in the state [28] . Technology varies from region to region, but fertilizers and pesticides are commonly used. The use of hybrid seed is exclusive to the irrigated and mechanized zones located in some regions in the north, center, and west of the state. In other zones, such as the Meseta Purhépecha (in the Neovolcánica Tarasca region), farmers exclusively use local seed from landraces [15] .
Avocado orchards dominate the landscape of the center of the state, in a belt from west to east in the Escarpa Limítrofe del Sur and the southern part of the Neovolcánica Tarasca regions. This crop requires andosols soils and humid and temperate climates, and most plantations are located from 1100 to 2900 MASL in a region of pine and oak forest [31] . Blackberry plantations are relatively new in the state; they were first reported in the national statistics in 2003. Blackberry plantations are concentrated in two places, in the central/west-central region of the state and the tails of the Escarpa Limítrofe del Sur region. These are temperate areas of valleys and hills. Strawberries are produced mainly in two regions, in the Zamora valley in the Chapala region and the Maravatío valley in the Mil Cumbres region. They are cultivated on irrigated lands. Lime is cultivated in and around the Apatzingán Valley in the west-central part of the state, which is in the Depresión de Tepalcatepec region. This is a very hot and dry region, which is irrigated by the tributaries of the Balsas River. Finally, grass is planted in the southwest part of the state, in the mostly hilly Costas del Sur region with a hot climate.
Main Crop Trends
The total area harvested of 14 crops, of the 23 crops analyzed, showed no significant change. These crops are banana, fodder sorghum, grain sorghum, grass, green chili peppers, maize, melons, papayas, potatoes, strawberries, sugar cane, tomatoes, vetch, and wheat. The area of seven other crops (avocado, blackberry, fodder oats, guava, lime, mango, and onion) has increased, and the area of only two crops has decreased (beans and chickpeas; Figure 2 ). Even with an agricultural policy that favors crops for the international market, the area devoted to growing maize for local consumption has not been reduced significantly in the state.
Avocado and lime (Figure 2a,e) had the most dramatic increase in harvested area in the last several decades (Table 3 ). In the 1950s, there were dispersed avocado orchards in few municipalities. After 1970, the cultivated area experienced explosive growth in Uruapan and the surrounding municipalities. Limes were first planted in the state long ago in the west-central region, and then, expanded constantly to neighboring municipalities in the last 65 years (see Supplementary Materials). The increments of these two crops responded mainly to international market demand (Figure 3 ) [32] [33] [34] . In the case of blackberries (Figure 2b [28] .
There are some crops whose production area location changed radically. Fodder oats cropping areas were in the center in 1950, but after 2003, the northeast municipalities were the most important producers of this crop. Melon cropping land changed from the north in 1950 to the southeast in 2015. Strawberry planted area grew and moved from the center to the northeast and northwest. Tomato expanded in the northwest and in various municipalities, in the center south and southwest. Banana plantations were common in many areas with tropical climate in the 1950s and 1960s; however, in the 1970s, they started to become more concentrated, and by 2010, there was only one municipality in the southeast that had almost all of the state's banana plantations. These patterns of concentration are associated to an increase in specialization on one cash crop of the agricultural areas. The areas of bean and chickpea cultivation (Figure 2h ,i) have experienced a significant decrease. The area of bean cultivation has constantly decreased since 1980. The area of chickpea cultivation dropped sharply between 1970 and 1990. These changes reflect changes in crop distribution regions within Mexico. Beans are now cultivated in the north central part of the country, in the state of Zacatecas, and chickpeas in the northwest, in the state of Sinaloa [28] .
There are some crops whose production area location changed radically. Fodder oats cropping areas were in the center in 1950, but after 2003, the northeast municipalities were the most important producers of this crop. Melon cropping land changed from the north in 1950 to the southeast in 2015. Strawberry planted area grew and moved from the center to the northeast and northwest. Tomato expanded in the northwest and in various municipalities, in the center south and southwest. Banana plantations were common in many areas with tropical climate in the 1950s and 1960s; however, in the 1970s, they started to become more concentrated, and by 2010, there was only one municipality in the southeast that had almost all of the state's banana plantations. These patterns of concentration are associated to an increase in specialization on one cash crop of the agricultural areas. 
Trends in Maize Planted Area by Municipality
Maize was cropped in almost every municipality even before the registers of agricultural census data. In the last 65 years, total planted maize area change at the state level is not statistically significant (Table 3) . After 2003, we could see that the number of municipalities that had few hectares of maize started to increase. By 2015, there were extremely large zones in the southeast and many municipalities in the center with almost no maize planted area. Trend analysis based on the Kendall correlation test by municipality showed that 56 municipalities, out of 113, had a positive trend in maize cultivation, but only nine were significant. A total of 42 municipalities experienced a negative trend, but only nine were significant, and 15 municipalities showed no trend (Figure 2 ). In the nine municipalities with negative trends, we found that other crops had increased in area, which could be a maize area replacement. Most of the municipalities with a negative maize trend showed a positive trend in cash crops for the international market. We lack field data from farms to claim that maize is being replaced by cash crops. However, we can hypothesize an interaction between these trends. For example, in Tingambato and Tacámbaro (center of the state), maize area is decreasing while avocado is augmenting; in Cotija (center west), there is less maize and more sugar cane and avocado; in Ziracuaretiro (center), there is less maize and more avocado and blackberries. In Apatzingán, lime plantations are expanding and maize-cropping land is shrinking. In Múgica (center south), mango and papaya plantations are augmenting and maize area is declining. In Copándaro and Chucándiro (center north), vegetables and flowers and specifically, onions have become very important. In Ecuandureo (northwest), we could not find a specific crop that is increasing, but rather a combination of crops, such as grain sorghum, tomatoes, and peas. We found that in every municipality where maize area is declining, there is at least one cash crop that is increasing in the planted area. However, fieldwork in those areas is needed to confirm that maize has been replaced by these other crops. For avocado, there are reports that show extensive conversion of maize fields to avocado plantations [38] .
Maize Race Diversity Implications
As mentioned above, maize race diversity is high in the state, with 27 of the 59 races reported in the country [16, 17] . In total, there were 856 maize collections in the state, the first collections taken in 1943 and the last in 2010. The period with the most intense collection effort was from 2005 to 2010, when 61% of the samples were taken. The distribution of the samples is not homogeneous. There were some areas with many samples and others with very few. Most of the samples are in the center and northwest (Figure 4) . Frequencies of maize samples by race are not homogenous. Eight races represent 65% of the samples and 19 races 35% (Table 4 ). The most common races are Mushito (152 records), Celaya (100), Chalqueño (76), Cónico (60), Tuxpeño (56), Elotes Cónicos (40), Vandeño (38), and Zamorano Amarillo (36). Seven races have very few samples: Olotillo (8), Mountain Yellow (4), Cacahuacintle (3), Cónico Norteño (2), Azul (1), Bolita (1), and Ratón (1). In Table 4 , we can see the number of collections by race, the percentage compared to the total collections, the period of collection, and the region from which they were collected. Among the races with very few samples, there are three that were collected many years ago, Cónico Norteño, Olotillo, and Ratón. For three races (Azul, Bolita, and Cacahuacintle), we do not know the date of collections. A revision is needed to confirm or reject the presence of these six races in the state. We mapped the planted maize area trends along with the maize race collections in the state (Figure 4 ). We found that there are some races in areas of rapid crop changes. A large part of Pepitilla records in the center are in an area of rapid decrease of planted maize area and an increase in avocado and blackberry plantations. Similarly, Vandeño race is in a region of rapid increase of avocado and lime plantations. Dulce race has few collections, and some of them are in areas of declining maize cropping, while sorghum and vegetable cropping is increasing.
Discussion
Even though agricultural land change is a complex phenomenon, we have confirmed that main crop area expansion in Michoacán occurred due to international market integration [5] . Planted areas of avocados, limes, blackberries, and strawberries have grown due to exports [32] [33] [34] [35] . We could see a relationship between the increase of volumes of exports and planted areas for five of the most dynamic crops: avocados, limes, blackberries, mangoes, and guava (Figures 2 and 3) . As in other regions of the world, the agricultural changes in Michoacán have been linked to the increase in international demand. In Brazil, beef and soybean exports are the main drivers of pasture and soy bean expansion [39] .
Particularly, we can argue that NAFTA's implementation has been a driver for expansion of fruit plantations (avocado, lime, blackberry mango, and guava). After NAFTA's implementation in the 1990s, we saw the fastest planted area expansion for these five crops. Other regions of Mexico have followed the same pattern of export crop expansion: Jalisco with tequila, and Sinaloa with tomatoes and other vegetables. In fact, export markets for fruits and vegetables have increased 5% in volume from 1980 to 2009 for Mexico as a whole [40] . A similar process has been found for cattle production in Mexico. Due to rising beef demand in the US market, cattle ranching has increased in Mexico, causing land use change and deforestation in the southern area of the country [41] .
In Mexico, not all agricultural changes are due to exogenous factors. Internal rural policies and history have contributed to the current bimodal agricultural sector. There is a modern sector integrated into national and international markets at the same time that there is an agricultural sector dominated by small farmers cropping mainly for auto-consumption [42] . For some authors, traditional agriculture is strongly rooted in rural Mexico and this is a factor that contributes to the continuing cultivation of traditional crops such as maize [43] . However, the existence of this traditional sector cannot explain changes for planted bean area. Bean crop land reductions could be attributed to deeper socioeconomic changes in rural areas. Beans, together with maize, were the staple food in Mexico until recently. In recent years, there has been a constant reduction in the consumption of beans, which are substituted by other protein sources such as meat [44] . Beans were cultivated in the milpa system with maize, squash, and other vegetables. According to our data, planted bean area has been declining since 1950. During this period, there was also a reduction in the population engaged in agriculture [45] and increases in family income from employment outside the farm [46] . This change could not only be affecting beans diversity, but also other traditional crops like squash, chili peppers, tomatoes, tomatillos, and chayotes, for which we do not have data. It is important to do some field research to reveal the state of these crops.
These changes in crop patterns could be affecting native agrobiodiversity, such as native maize races. We found indications of replacements of native maize area by cash crops. We forecasted that this process will continue in the areas that are suitable for cash crops, for example berries and fruit plantations such as avocado, mango, papaya, and limes. However, it is true that maize cultivation does not disappear from the municipalities where those cash crops are planted. For example, in 2015, in the municipalities with the largest conversions from maize to avocado, it is still possible to find some planted maize area in Tingambato (27% maize and 59% avocado), Tacámbaro (9% maize and 59% avocado), and Ziracuaretiro (9% maize and 68% avocado). About maize races at risk, we think Pepitilla, Vandeño, and Dulce races need more research to assess their current state ( Figure 4 and Table 4 ). We could not confirm the findings of Carrera-Valtierra et al. [18] regarding the endangered situation of the Elotes occidentales, Tabloncillo, Celaya, Zamorano Amarillo, and Mushito races. However, we think that it is very important to obtain current data about hybrid maize use because this could be an important factor in the loss of maize races.
We lack reliable current information regarding hybrid maize use in the state. Some authors estimated that 79% of planted maize area in the country is planted with landraces and 21% with improved maize seed, which include hybrids [47] . The agricultural census from 1970 is the only instance where statistics about hybrid planted maize area were taken. That year, a total of 8% of the state's planted maize area was sowed with hybrid maize. The municipalities with the largest use of hybrid varieties were in the north-central region and the Apatzingán Valley [27] . However, based on anecdotal experience, we could postulate that hybrid maize seed is used mostly in irrigated areas [48] . Those areas are also the most mechanized. In 2015, there were 98,764 hectares with irrigation, making up 24% of the total harvested area. We could hypothesize that this is the minimum area that has been planted with hybrids.
Based on published work, we have seen that native races and small farmers are resisting the challenges of this economic period dominated by powerful agro-food companies in the global market. Small-scale studies on socioeconomic and environmental changes have shown that maize farmers continue planting maize for socioeconomic and cultural reasons and how they have adapted to this economic context [4, 45] . However, we believe that there are other crops such as beans that have been affected by those policies. In the last 65 years, planted bean areas in Michoacán have been reduced significantly, and we also expect a significant reduction in bean diversity. The decrease in the production of these basic foods has been happening throughout Mexico. It represents a present and future risk factor for national consumers because it means that Mexicans will become increasingly dependent on the food produced in other countries [40] .
Conclusions
In the last 65 years, agriculture in central western Mexico has experienced enormous changes. Several commercial crops have extended over the territory and have changed the agricultural landscape. Some areas that had traditional multi-crop landscapes are now dominated by monocultures such as avocado, limes, mangoes, guava, and blackberries. The primary driver of these changes is the high market value that these products have in the context of NAFTA. This gambling on export agricultural expansion does not occur without a cost of losing food security for national consumers, and agro-biodiversity for the world in general. However, we have found evidence of resistance in some regions, meaning that traditional crops are still in the field.
Maize cropping area has not experienced a significant reduction in its total planted area in Michoacán, but we observed several areas with significant reductions. There were some zones with increase in planted maize area, but we could not determine what kind of varieties were being planted in those zones because of lacking census data. Regarding maize race diversity, seven maize races have notably few collections, and most of their records were registered many years ago. Three races are in places where planted maize area is significantly reduced. There is a need for reliable statistics about hybrid seed use in the state to evaluate the extent of the substitution of maize landraces by hybrids.
There are almost no socioeconomic and diversity studies about beans in Mexico. Beans, like maize, are a staple food in Mexico, but there is little information regarding their diversity. Planted area statistics indicate that bean cultivation is dramatically decreasing. It is possible that the crop is experiencing genetic erosion in the state.
Supplementary Materials: The following are available online at www.mdpi.com/2073-445X/6/4/66/s1, Maps of planted area for each crop by municipality. For each year planted area was sorted and divided in 10 breaks. Color intensity shows the ranking of each municipality in that ranked scale. White color is for the first rank with the less plantations and intense red for the largest rank. There are no data for some crops for some years, which are indicated as "no data". Data from 1950 to 1991 come from agricultural census carried out by INEGI and data from 2003 to 2015 come from annual surveys carried out by SIAP (see text for details).
